REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of 
information,  including  suggestions  for  reducing  the  burden,  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188), 
1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any 
penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


2.  REPORT  TYPE 

Final  Technical  Report 


1.  REPORT  DATE  (DD-MM-YYYY) 

03-31-2007 


4.  TITLE  AND  SUBTITLE 

Neural  Control  of  Hemorrhage-Induced  Tissue  Cytokine  Production 


6.  AUTHOR(S) 

Molina,  Patrica  E. 


3.  DATES  COVERED  (From  -  To) 

March  2000  -  December  2006 


5a.  CONTRACT  NUMBER 

N000 14-00- 1-0326 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 


06PR06877-00 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Louisiana  State  University  Health  Sciences  Center 
433  Bolivar  Street 
New  Orleans,  LA  701 12 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

1 10350017A 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Louisiana  State  University  Health  Sciences  Center 
433  Bolivar  Street 
New  Orleans,  LA  70112 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

LSUHSC 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  distribution  is  UnlimitpH 

13.  SUPPLEMENTARY  NOTES  ^OOT 3^  2.2. 

14.  ABSTRACT 

Studies  performed  under  this  grant  provided  evidence  that  tissue  injury  and  hypoperfusion  activate  systemic  and  central  neural, 
hormonal  and  opiate  mechanisms  that  regulate  the  hemodynamic,  metabolic  and  proinflammatory  counter  regulatory  responses 
involved  in  restoring  homeostasis  following  trauma/hemorrhage.  Opiate  pathway  activation  favors  hemodynamic  instability  and  a 
pro-inflammatory  tissue  response  while  sympathetic  nervous  system  activation  counteracts  the  inflammatory  response  and 
contributes  to  cardiovascular  responsiveness.  Our  studies  demonstrated  that  the  intact  neuroendocrine  response  is  critical  to  ensure 
survival  and  host  defense  mechanisms  from  secondary  infectious  challenges.  Furthermore,  stress-and  analgesia-induced  disruptions 
in  response  exacerbate  hemodynamic  instability,  compromise  tissue  perfusion  and  predispose  to  tissue  injury  and  impaired  innate 
host-defense  response  to  a  subsequent  challenge. 


15.  SUBJECT  TERMS 

hemorrhagic  shock,  analgesia,  stress,  cytokines,  neuroendocrine,  opiates 


|  16.  SECURITY  CLASSIFICATION  OF:  j 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

17.  LIMITATION  OF 
ABSTRACT 


18.  NUMBER  19a.  NAME  OF  RESPONSIBLE  PERSON 

0F  Patricia  E.  Molina,  MD,  PhD 

PAGES  - . - 1 - 

19b.  TELEPHONE  NUMBER  (Include  area  code) 

(504)  568-6187 


Standard  Form  298  (Rev.  8/98} 
Prescribed  by  ANSI  Std.  Z39.18 


Principal  Investigator:  Molina,  Patricia  E. 
Grant  Number:  N00014-00-1-0326 


-A 


Studies  performed  under  this  grant  provided  evidence  that  tissue  injury  and  hypoperfusion 
activate  systemic  and  central  neural,  hormonal  and  opiate  mechanisms  that  regulate  the 
hemodynamic,  metabolic  and  proinflammatory  counter  regulatory  responses  involved  in 
restoring  homeostasis  following  trauma/hemorrhage.  Opiate  pathway  activation  favors 
hemodynamic  instability  and  a  pro-inflammatory  tissue  response  while  sympathetic  nervous 
system  activation  counteracts  the  inflammatory  response  and  contributes  to  cardiovascular 
responsiveness.  Our  studies  demonstrated  that  the  intact  neuroendocrine  response  is  critical  to 
ensure  survival  and  host  defense  mechanisms  from  secondary  infectious  challenges.  In 
addition,  our  studies  showed  that  acute  activation  of  the  hypothalamo-pituitary-adrenal  (HPA) 
axis,  SNS  and  endogenous  opioid  system  impair  counterregulatory  responses  to  shock  and 
trauma.  In  addition,  we  demonstrated  that  opiate  analgesia  disrupts  the  balanced 
neuroendocrine  and  opiate  counterregulatory  mechanisms  that  control  hemodynamic,  metabolic 
and  pro-inflammatory  responses  to  trauma/hemorrhage.  The  stress  and  analgesia  induced 
disruptions  in  response  exacerbate  hemodynamic  instability,  compromise  tissue  perfusion  and 
predispose  to  tissue  injury  and  impaired  innate  host-defense  response  to  a  subsequent 
challenge.  Taken  together  these  findings  indicate  that  stress-induced  alteration  in  the 
neuroendocrine  milieu  of  the  host  at  the  time  of  traumatic  injury  impacts  immediate  and  long 
term  mechanisms  involved  in  restoration  of  homeostasis.  Not  only  are  the  immediate 
cardiovascular  mechanisms  affected,  but  immune  function  appears  to  be  impaired  rendering  the 
host  more  susceptible  to  morbidity  and  mortality  from  a  secondary  infection. 

Final  report  on  salient  findings: 

a.  Hemorrhage-induced  li-endorphin  release  produces  naltrexone-sensitive 
analgesia.  The  rise  in  circulating  fi-endorphin  levels  coincides  with  the  establishment  of  an 
analgesic  response  as  measured  by  the  latency  of  the  tail-flick  response.  This  effect  is 
sustained  surpassing  the  time  period  during  which  (J-endorphin  levels  are  elevated  and  may  be 
the  result  of  synergy  between  ft-endorphin  and  norepinephrine. 

b.  Circulating  and  tissue  levels  of  Substance  P  are  not  upregulated  by 
trauma/hemorrhage.  Several  studies  have  suggested  that  neurokinins  may  contribute  to  the 
pro-inflammatory  responses  associated  with  trauma.  We  performed  a  time-course  study  to 
investigate  whether  a  similar  response  to  that  of  fl-endorphin  and  norepinephrine  could  be 
detected  following  trauma/hemorrhage.  No  significant  elevations  in  circulating  levels  of 
substance  P  were  detected.  Furthermore,  no  difference  in  crushed  muscle  content  was  noted, 
suggesting  that  either  the  turnover  of  the  peptide  is  such  that  we  are  not  able  to  detect 
modulation  of  its  release  by  the  available  methodology  or  that  its  release  in  the  peripheral 
tissues  in  response  to  trauma  and  shock  is  negligible,  contributing  little  or  nothing  to  modulation 
of  the  pro-inflammatory  responses  observed.  Our  results  were  confirmed  in  a  model  using  a 
nociceptive  stimulus  (turpentine  0.6  mi  IM).  In  contrast  to  what  we  expected,  our  results 
showed  an  overall  decrease  in  circulating  substance  P  values  following  turpentine  injection.  We 
concluded  that  in  this  conscious  unanesthetized  model  of  trauma/hemorrhage  the  contribution 
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of  substance  P  as  modulator  of  the  early  pro-inflammatory  responses  is  probably  of  lesser 
importance  to  that  of  opioids  and  norepinephrine.  The  results  from  our  studies  on  sensory 
denervated  animals  would  lend  support  to  this  hypothesis. 

c.  Impact  of  morphine  analgesia  on  the  outcome  from  trauma/hemorrhage.  Opiate 
analgesia  is  part  of  the  mainstay  approach  to  treatment  of  the  wounded  victim.  Our  studies 
have  provided  evidence  that  endogenous  opioid  peptides  released  during  shock  and  trauma 
play  a  deleterious  role  on  the  hemodynamic  and  pro-inflammatory  responses  to  shock  and 
trauma.  Our  studies  showed  that  a)  morphine  analgesia  (10  mg/kg  IP)  prior  to  fluid 
resuscitation  increased  mortality  from  trauma/hemorrhage  to  36%  within  the  first  48  h  following 
shock  and  trauma,  b)  morphine  analgesia  following  trauma/hemorrhage  impairs  host  response 
to  a  “second-hit”  inflammatory  challenge  and  c)  morphine  analgesia  alters  pressor  response  to 
fluid  resuscitation  which  was  later  shown  to  result  in  increase  fluid  resuscitation  volume  to 
restore  mean  arterial  pressure  and  d)  Ketamine  analgesia  does  not  provide  beneficial  effects 
over  those  of  morphine. 

d.  Impact  of  time  of  surgery  in  relation  to  time  of  trauma  on  neuroendocrine 
responses.  The  study  of  conscious  and  unrestrained  animals  for  the  investigation  of  the 
neuroendocrine  regulation  of  hemodynamic  and  inflammatory  responses  requires  that  animals 
be  surgically  fitted  with  vascular  catheters.  Several  investigators  have  proposed  the  need  for  a 
recovery  period  from  the  surgical  procedure  prior  to  performing  the  hemorrhage  experiment. 

We  investigated  the  impact  of  a  one  week  recovery  period  on  selected  parameters.  Two  groups 
of  animals  were  used;  one  was  implanted  with  vascular  catheters  on  the  day  prior  to 
trauma/hemorrhage  while  the  other  group  had  catheters  implanted  one  week  before.  Animals 
were  handled  throughout  the  week  recovery  period.  Our  results  show  that  corticosterone, 
epinephrine  and  norepinephrine  values  were  not  different  between  groups  at  baseline  and  these 
did  not  differ  in  the  magnitude  of  the  response  following  trauma/hemorrhage.  In  addition,  it 
appears  that  the  immediate  pro-inflammatory  response  that  is  elicited  in  the  two  groups  of 
animals  was  not  significantly  different  between  the  two  groups. 

e.  Development  of  a  model  to  assess  the  impact  of  environmental  stress  on  outcome 
from  trauma/hemorrhage.  In  the  process  of  establishing  and  characterizing  a  reproducible 
stress  model;  we  examined  the  impact  of  exercise  under  increased  ambient  temperature 
conditions  (treadmill  run  to  exhaustion;  0.24m/s,  6°  grade,  T:  38-39  °C)  and  that  of  restraint 
stress  (60  min  BID  x  7  d)  followed  by  tx/hem  on  the  neuroendocrine  response  to  traumatic 
injury.  Our  results  showed  that  exercise  and  restraint  stress  produce  differential  cardiovascular 
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and  neuroendocrine  effects,  with  restraint  stress  but  not  exercise  in  high  ambient  temperatures 
producing  significant  elevations  in  resting  MABP,  epinephrine  and  norepinephrine  levels 
compared  to  those  of  control  animals.  In  addition,  our  results  showed  that  exercise/heat  stress 
did  not  have  a  marked  impact  on  early  hemodynamic  responses  to  hemorrhage.  There  was  a 
tendency  for  the  exercise/stress  animals  to  have  lower  mean  arterial  blood  pressure.  Overall, 
this  is  not  considered  to  be  of  significant  physiologic  impact,  as  the  immediate  (post-fluid 
resuscitation)  lung  and  spleen  pro-inflammatory  response  (TNF  &  IL-1)  to  tx/hem  were  not 
affected  in  exercised  stressed  animals.  Furthermore,  restraint  stress  for  7  consecutive  days 
prior  to  hemorrhagic  shock  did  not  produce  significant  alteration  in  the  immediate  hemodynamic 
counter  regulatory  responses  to  blood  loss  nor  did  it  alter  the  response  to  fluid  resuscitation. 
These  findings  led  to  the  development  and  characterization  of  a  model  of  physical  and 
psychological  stressed  with  immobilization  described  below.  Our  results  indicate  that 
immobilization  stress  is  a  more  potent  and  reproducible  activator  of  autonomic  and 
neuroendocrine  responses  than  restraint  stress. 
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